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(57) Abstract 

A photochrome product of curing is produced by irradiating a photopolymerizable composition comprising: 
(A) a radical-polymerizable monomer, (B) an ultraviolet polymerization initiator exhibiting a main absorption in the 
ultraviolet region and a molar absorption coefficient of 150 l/(mol.cm) or above at 400 nm, and (Q a photochrome 
compound with an active energy radiation exhibiting an emission spectrum at 400 nm or above as the mam spectrum 
to cure the composition. The above composition can easily be polymerized in a short time to give a product of curing 
exhibiting excellent photochromism. 
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Abstract 



A photochiomic product of curing is produced by irradiating a photopoTymcrizablc composition comprising: 
(A) & nidical-polymerizable monomer, (B) an ultraviolet polymerization initiator exhibiting a main absorption in the 
ultraviolet region and a molar absorption coefficient of 150 l/(mol.cm) or above at 400 nm, and (Q a photochiomic 
compound with an active energy radiation exhibiting an emission spectrum at 400 nm or above as the main spectrum 
to cure the composition* The above composition can easily be polymerized m a short time to give a product of curing 
exhibiting excellent photochromism. 



Technical field 

This invention pertains to a process for the production of a 
photochromic product of curing, which is formed by polymerization 
curing in photopolymerization, and which displays excellent 
photochromic property. 

Background of the technology 

Photochromism refers to a reversible action in which certain 
compounds make swift changes in color when irradiated by sunlight, 
the light of a mercury lamp, or some other light containing UV 
light, and the original color recovers when the light irradiation 
is stopped and the compound is placed in the dark. This phenomenon 
has attracted much attention in recent years. The compounds having 
this property are called photochromic compounds. Although compounds 
having various structures have been synthesized for this purpose, 
no special common skeleton has been identified in the structure. 
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The photochromic product of curing can be prepared using 
several methods, such as the method in which the aforementioned 
photochromic compound is coated on the surface of a premolded 
polymer, or the method in which the photochromic compound is 
dissolved in a radical polymerizable monomer, followed by 
polymerization curing. 

There are several methods for polymerization of the radical 
polymerizable monomer, such as the method in which polymerization 
is carried out by heat, and the method in which polymerization is 
carried out by light. However, when the photochromic product of 
curing is formed, in the photopolymerization method, as the 
contained photochromic compound absorbs the UV light needed for 
cleavage of the photopolymerization initiator, and transmission of 
light is hampered by coloration of the photochromic compound 
itself, there is no way to carry out the appropriate polymerization 
for the radical polymerizable monomer. According to the knowledge 
of the present inventors, when the photopolymerization method is 
adopted, and the photochromic compound is dispersed in the matrix 
polymer with insufficient polymerization, the durability of the 
photochromic compound significantly deteriorates. 

When the photochromic product of curing is formed in this way, 
the thermal polymerization method is usually adopted as the 
polymerization method of the radical polymerizable monomer. 
However, the method of thermal polymerization has a polymerization 
time of several hours, and the productivity of the product of 
curing is not satisfactory. 

In light of the aforementioned background, this invention 
provides a method for forming a photochromic product of curing 
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having excellent photochromic property and allowing easy 
polymerization in a short time by adopting the photopolymerization 
method . 

Disclosure of the invention 

In order to solve the aforementioned problems, the present 
inventors have conducted extensive research. As a result of this 
research, it was found that by combining a prescribed type of 
photopolymerization initiator and an active energy radiation having, 
a prescribed light-emission spectrum, it is possible to form the 
photochromic product of curing having excellent photochromic 
property in a short time easily. In this way, the present invention 
was reached. 

That is, this invention provides a process for the production 
of a photochromic product of curing, characterized by the fact that 
curing is realized by radiating an active energy radiation having a 
400 nm or greater light-emission spectrum onto a photopolymerizable 
composition containing (A) radical polymerizable monomer, (B) 
UV- light polymerization initiator having the main absorption in the 
UV region and having a molar light absorptivity at 400 nm of 
150 L/(mol-cm) or higher, and (C) photochromic compound. 

There is no special limitation on the type of 
radical-polymerizable monomer used in the manufacturing method of 
the photochromic product of curing of this invention, and any 
momoner having radical polymerizable groups may be used. Examples 
of the preferable types of radical polymerizable groups include 
acrylate groups, methacrylate groups and vinyl groups. 
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Examples of the radical polymerizable monomers that can be 
used preferably in this invention include the compounds represented 
by formulas (1), (2) and (3). 

Diacrylate compounds and dimethacrylate compounds represented 
by the following formula (1) 

R 1 R< 

CH 2 =CCO-f-A-^OCC=CH 2 (1) 
O 0 

where each R 1 , which may be identical or equal to each other, 
represents a hydrogen atom or methyl group; A, which may be 
identical or different and may be substituted, represents an 
alkylene group, oxyalkylene group, or the group represented by the 



following formula X 



^CHCH 2 04-4 J 




(where each R 2 represents a hydrogen atom or methyl group; X 
represents halogen atom; k is an integer in the. range of 0-5; and a 
is an integer in the range of 0-4 representing the substitution 
number of the halogen atom) and n is an integer in the range of 
1-20; 

epoxy-group-containing acrylate compounds and methacrylate 
compounds represented by the following formula (2) 

R 3 p6 

ch 2 =cco-(-r 4 o) s (r5o-^-ch 2 c^ch 2 (2). 
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where, R 3 and R 6 , which may be identical or different from each 
other, represent a hydrogen atom or methyl group; R 4 and R 5 , which 
may be identical or different from each other and may be 
substituted, represent an alkylene group or a group represented by 
the following formula: 





and m and n are 0 or 1. 

Vinylbenzyl compounds represented by the following formula (3) 

r7r8 ' R 9 R 10 - 

" M CB=CH 2 CH 2 =CHW • 

CHa-{x 1 (CH 2 CH2X 2 (CH 2 CH 2 X 3 ) , ) k)mCHH^ (3) 

where, R% R 8 , R s , and R 10 , which may be identical or different from 
each other, represent halogen atoms; X 1 , X 2 , and X 3 represent oxygen 
atoms or sulfur atoms independently; j, k and m are 0 or 1; when 
k = 0, j = 0; when m = 0, k = j =0; when j = k = m = 1, X 1 , X 2 , and 
X 3 cannot be sulfur atoms at the same time) . 

The following are specific examples of the radical 
polymerizable monomers that can be used preferably in this 
invention . 

Examples of diacrylate compounds and dimethacrylate compounds 
include diethylene glycol dimethacrylate, triethylene glycol 
dimethacrylate, tetraethylene glycol dimethacrylate, butanediol 
dimethacrylate, hexamethylene dimethacrylate, bisphenol A 
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dimethacrylat e , 

2, 2-bis (4-methacryloyloxyethoxy-3 / 5-dibromophenyl) propane, 

2, 2-bis (4-methacryloyloxyethoxyphenyl) propane, 

2, 2-bis (4-methacryloyloxydiethoxyphenyl) propane, 

2, 2, -bis (4-methacryloyloxytriethoxyphenyl) propane 

2, 2-bis (4-methacryloyloxypentaethoxyphenyl) propane, etc. 

Examples of the expoy-group-containing acrylate compounds and 
methaacrylate compounds include glycidyl acrylate, glycidyl 
methacrylate, (J-methylglycidyl acrylate, p-methylglycidyl 
methacrylate, bisphenol A monoglycidyl ether methacrylate, etc. 

Examples of vinylbenzyl compounds include bis-4-vinylbenzyl 
ether, bis-4-vinylbenzylsulf ide, 1, 2- (p-vinylbenzyloxy) ethane, 
1, 2- (p-vinylbenzylthio) ethane, bis- (p-vinylbenzyloxyethyl) sulfide, 
etc. 

In addition, as radical polymerizable monomers, it is possible 
to use unsaturated carboxylic acids, acrylic and methacrylic 
esters, fumaric ester, and aromatic vinyl compounds. Examples of 
the unsaturated carboxylic acid compounds include acrylic acid, 
methacrylic acid, maleic anhydride, fumaric acid, and acrylic acid. 
Examples of methacrylic esters include methyl acrylate, methyl 
methacrylate, benzyl methacrylate, phenyl methacrylate, 
tribromophenyl methacrylate, 2-hydroxyethyl methacrylate, 
trifluoromethyl methacrylate, and urethane aurylate [sic; 
acrylate] . Examples of fumaric esters include monomethyl fumarate, 
diethyl fumarate, and diphenyl fumarate. Examples of the aromatic 
vinyl compounds include styrene, chlorostyrene, a-methylstyrene, 
vinyl naphthalene, isopropenyl naphthalene, bromostyrene, 
divinylbenzene, etc. These radical polymerizable monomers may be 
used either alone or as a mixture of several types. 



10 



In consideration of the durability and 
coloration/discoloration and other properties of the photochromic 
product of curing formed in photopolymerization of the mixture of a 
photochromic compound and a radical polymerizable monomer to be 
explained later, among the aforementioned radical polymerizable 
monomers, the radical polymerizable monomer mixture prepared from 
the diacrylate compound or dimethacrylate compound represented by 
formula (1) and the epoxy-group-containing acrylate compound or 
methacrylate represented by formula (2) is preferred. 

According to this invention, it is necessary to use a 
UV-polymerization initiator having a main absorption in the UV 
region and having a molar light absorptivity at 400 nm of 
150 L/(mol'cm) or higher. It is undesirable to use a 
photopolymerization initiator having the main absorption in the 
visible region of 400 nm or longer, because it has color itself, 
i.e., there are colors in the stage before the photochromic 
property is displayed. Even when the main absorption is in the UV 
region, if the molar light absorptivity at 400 nm is less than 
150 L/(mol-cm), in the irradiation by an active energy radiation 
having a main spectrum longer than 400 nm on the light-emission 
spectrum, it is difficult to carry out cleavage, and it is hard to 
obtain the product of curing in a short time. That is, as the 
photochromic compound usually absorbs the UV light in the range of 
380-400 nm and turns color, it is hard to absorb the active energy 
radiation in the range of 380-400 nm to carry out cleavage, and it 
is impossible to complete the polymerization in a short time. In 
order to complete the polymerization, the active energy radiation 
should radiate for a long time, leading to deterioration of the 
photochromic compound. 
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The UV-polymerization initiators can be roughly divided into 
the self-cleavage UV-polymerization initiators and hydrogen- 
extracting type UV-polymerization initiators. The latter UV 
polymerization initiator is usually used together with a 
photosensitizer. Amine compounds are usually used as the 
photosensitizer. When these amine compounds are used, the initial 
coloration of the polymer is significant. -Consequently, it is 
preferred that the self-cleavage UV-polymerization initiator be 
used. In order to obtain a colorless and transparent product of 
curing, among the self-cleavage UV-polymerization initiators, it is 
preferred to use a-aminoalkylphenone UV-polymerization initiators, 
acylphosphine oxide UV-polymerization initiator, and 
bisacylphosphine oxide type UV-polymerization initiators can be 

adopted preferably. 

There is no special limitation on the type of the 
aforementioned preferable UV-polymerization initiators. Typical 
compounds are those represented by the following formulas (4), (5) 
and (6) . 

a-aminoalkylphenone compounds represented by the following 
formula (4) : 




<-\ 9 ?H 2 ,n" 



oQn-(~)-C-CtN: „ (4) 

CH 3 



CH 2 F» 11 



12 



where, each R n , which may be identical or different from each 
other, represents a methyl group or ethyl group. 

Acylphosphine oxide compounds represented by following formula 

(5) : 



(R 12 ) 



e 



where, each R 12 , which may be identical or different from each 
other, represents a methyl group, methoxy group, or chlorine atom; 
e represents 2 or 3; and R 13 represents a phenyl group or methoxy 
group . 

Bisacylphosphine oxide compounds represented by the following 
formula (6) : 



(6) 



where, each R 14 , which may be identical or different from each 
other, represents a methyl group, methoxy group, or chlorine atom; 
f is 2 or 3; and R 15 represents a 2, 4, 4-trimethylpentyl group. 

According to this invention, the following are specific 
examples of the UV-polymerization initiators that can be used 
preferably as the UV-polymerization initiator having the main 
absorption in the UV region and having molar light absorptivity at 
400 nm of 150 L/(mol«cm) or higher. 
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a-aminoalkylphenone photopolymerization initiators: 
(1) 2-benzyl-2-dimethylamino-l- (4-morpholinophenyl) -1-butanone 
Acylphosphine oxide photopolymerization initiators: 

(1) 2, 6-dimethylbenzoyldiphenylphosphine oxide 

(2) 2, 4, 6-trimethylbenzoyldiphenylphosphine oxide 

(3) 2, 6-dichlorobenzoyldiphenylphosphine oxide 

(4) 2, 6-dimethoxybenzoyldiphenylphosphine oxide 
Bisacylphosphine oxide photopolymerization initiators: 

(1) bis (2, 6-dimethoxybenzoyl) -2,4, 4-trimethylepentylphosphine 

oxide 

(2) bis (2, 6-dimethylbenzoyl) -2,4, 4-trimethylpentylphosphine 

oxide 

(3) bis (2,4, 6-trimethylbenzoyl) -2, 4, 4-trimethylpentylphosphine 

oxide 

(4) bis (2, 6-dichlorobenzoyl) -2, 4, 4-trimethylpentylphosphine 

oxide 

These UV-photopolymerization initiators may be used either 
alone or as a mixture of several types. 

The added amount of the UV-polymerization initiator depends on 
the polymerization conditions and type of initiator, as well as the 
type and composition of the radical polymerizable monomer, and 
there is no way to define it generally. Usually, with respect to 
100 parts by weight of the radical polymerizable monomer, the 
amount of UV-polymerization initiator added should be in the range 
of 0.01-1 part by weight, or preferably in the range of 0.05-1 part 
by weight. When the amount is over 1 part by weight, the internal 
uniformity of the obtained polymer is poor, and the tone also 
deteriorates. On the other hand, when the added amount is less than 
0.01 part by weight, it is impossible to realize a sufficient 
curing degree. 
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In addition to these UV-polymerization initiators, it is also 
possible to add a thermal polymerization initiator. The 
conventional thermal polymerization initiator can be added without 
any restriction. Examples of the thermal polymerization initiators 
include benzoyl peroxide, lauroyl peroxide, and other diacyl 
peroxides; t-butyl peroxyneodecanate, and other peroxy esters; 
diisopropyl peroxydicarbonate, and other percarbonates; 
azobisisobutylonitrile, and other azo compounds; etc. 

There is no special limitation on the type of the photochromic 
compound contained in the photopolymerization composition used in 
this invention. Any photochromic compound having absorption for 
coloration in the visible region can be used. Specific examples of 
the [photochromic compounds with] absorption in the visible region 
include the photochromic compounds having an absorption near 
400-480 nm and displaying a color tone in the range from yellow to 
orange; the photochromic compounds having an absorption near 
480-550 nm and displaying color tone in the range from red to 
violet; and the photochromic compounds having an absorption near 
550-600 nm and displaying a color tone in the range from violet to 
blue. These photochromic compounds may be used either alone or as a 
mixture of several types to realize the so-called intermediate 
colors, such as gray, brown, amber, etc., as the color tone. 

Examples of the photochromic compounds that can be used 
preferably in this invention include chromene compounds, fulgides 
or fulgimide compounds, and spirooxazine compounds. 

There is no special limitation on the chromene compounds. Any 
conventional compound having a chromene skeleton and photochromic 
property can be used. The following are some examples of the 
chromene compounds: 
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(1) 2, 2-diphenyl-7-octoxy (2H) benzo (f ) chromene 

(2) spiro (bicyclo (3, 3, l)nonane-9, 2' -(2H) benzo (h) chromene) 

(3) spiro (norbornane-2, 2 » - (2H) benzo (h) chromene) 

( 4 ) 7 ' -methoxyspiro (bicyclo (3,3,1) nonane- 
9,2'- (2H) benzo (h) chromene) 

[5] 7 • -methoxyspiro (norbornane-2, 2 ' - (2H) benzo (h) chromene) 
[6] 2 , 2-dimethyl-7-octoxy (2H) benzo ( f ) chromene 

There is no special limitation on the fulgide compounds. Any 
conventional compound having a fulgide skeleton and photochromic 
property can be used. The following are some examples of the 

fulgide compounds: 

(1) N-methyl-6, 7-dihydro-4-methylspiro (5, 6-benzo (b) thiophene 

dicarboxyimido-7, 2-tricyclo (3,3,1,1) decane 

(2) N-cyanomethyl-6, 7-dihydro-4-methyl-2- 
phenylspiro (5, 6-benzo (b) thiophenedicarboxyimido- 
7 , 2-tricyclo (3,3,1,1) decane 

(3) N-cyanomethyl-6, 7-dihydro-4-methyl-2- 
(p-methoxyphenyl) spiro (5, 6-benzo (b) thiophenedicarboxyimido- 
7 , 2-tricyclo ( 3 , 3 , 1 , 1 ) decane 

( 4 ) N-cyanomethyl-6, 7-dihydro-4-methylspiro 

(5, 6-benzo (b) thiophene dicarboxyimido-7, 2-tricyclo (3,3, 1, 1) decane 

(5) N-cyanomethyl-6, 7-dihydro-4-cyclopropylspiro (5, 6-benzo (b) 
thiophenedicarboxyimido-7, 2-tricyclo (3,3, 1, 1) decane 

(6) 6, 7-dihydro-N-methoxycarbonylmethyl-4-methyl-2-phenylspiro 
(5, 6-benzo (b) thiophenedicarboxyimido-7, 2-tricyclo (3,3,1, 1) decane 

There is no special limitation on the spirooxazine compounds. 
Any conventional compound having a spirooxazine skeleton and 
photochromic property can be used. The following are some examples 
of the spirooxazine compounds: 
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(1) 1,3, 3-trimethylspiro (indole-2, 3- 
(3,2-a) (1, 4)naphthooxazine) 

(2) 1,3, 3-trimethyl- 6' -piper idinospiro (indole-2, 3- (3, 2-a) 

(1,4] naphthooxazine ) 

( 3 ) 6-f luoro- 1 1 -methyl-8 " -methoxy- 6 " -morpholino 

dispiro (cyclohexane-1, 3 ' - (3H) indole-2 • - (2 «H) , 3"- (3H) naphtho (3, 2-a) 
(1, 4)oxazine) 

(4) l-methoxycarbonylmethyl-8"-methoxy-6"-(4-methylpiperazino) 
dispiro (cyclohexane-1, 3'- (3H) indole-2'- (2 'H) , 3"- (3H) naphtho (3, 2-a) 

(1, 4)oxazine) 

(5) l'-(2-(dioxane-2-yl)ethyl)-6"- 
morpholinodispiro (cyclohexane-1, 3'- (3H) indole-2'- (2'H) , 3 "- 

(3H) naphtho (3, 2-a) (1, 4) oxazine) 

(6) 5-fluoro-l'-methyl-6"-piperadinodispiro (cyclohexane- 
1,3' (3H) indole-2' -(2'H), 3"- (3H) naphtho (3, 2-a) (1, 4) oxazine) 

(7 ) 8"-methoxydispiro (cyclohexane-1, 3 ' - (3H) indole-2 ' - 
(2'H), 3"- (3H) naphtho (2, 3-a) (1, 4) oxazine) 

The added amount of the photochromic compound should be 
selected appropriately corresponding to the density of coloration. 
Usually, with respect to 100 parts by weight of the radical 
polymerizable monomer, the added amount of the photochromic 
compound should be in the range of 0.001-1.0 part by weight, or 
preferably in the range of 0.01-0.5 part by weight. If the added 
amount of the photochromic compound is less than 0.001 part by 
weight, it is impossible to realize a sufficient coloration 
density, and the durability of the photochromic characteristics 
deteriorate. When the amount is over 1.0 part by weight, it is hare 
to complete the polymerization in a short time. This is undesired. 
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As needed, it is possible to add various stabilizers and 
additives to the photopolymerizable composition of this invention, 
such as mold-release agents, UV absorbents, UV stabilizers, 
oxidation inhibitors, static inhibitors, fluorescent inhibitors, 
fluorescent dyes, dyes, pigments, perfumes, etc. 

As the light source used for photopolymerization in this 
invention, any active energy radiation having a main light emission 
spectrum at 400 nm or longer, that is, in the visible spectral 
range, may be used. Examples of the light sources that can be used 
include metal halide lamps, medium-pressure mercury lamps, 
high-pressure mercury lamps, ultrahigh-pressure mercury lamps, 
sterilizing lamps, xenon lamps, tungsten lamps, etc. When a metal 
halide lamp, high-pressure mercury lamp, or other lamp that also 
emits UV light in addition to the visible light is used, it is 
necessary to use a UV-reduction filter, etc., to cut off or reduce 
the active energy radiation in the UV region. 

Usually, as the photochromic compound absorbs UV light in the 
range of 380-400 nm and turns color, the colored photochromic 
compound absorbs the active energy radiation intended for cleavage 
of the photopolymerization initiator, so that cleavage is difficult 
to take place, and it is impossible to complete the polymerization 
in a short time. When the active energy radiation is irradiated for 
a longer time to complete the polymerization, deterioration in the 
photochromic compound occurs. Consequently, when the light source 
also emits UV light, a UV-reduction filter, etc., can be used to 
cut off or reduce the active energy radiation in the UV region so 
as to inhibit coloration of the photochromic compound. In this way, 
it is possible to use a light source with a spectrum containing UV 
light. However, in the practical curing operation, there is no need 
to completely cut off the spectral portion with wavelength shorter 
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than 400 ran from the light source. As long as the light-emission 
spectrum at 400 nm or longer is the main spectrum, the active 
energy radiation may also contain the UV active energy radiation at 
a wavelength shorter than 400 nm. In this case, although the 
photochromic compound is weakly colored by the UV active energy 
radiation and a portion of the active energy radiation is absorbed, 
the active energy radiation at 400 nm or longer can substantially 
transmit through it, so that the UV-polymerization initiator can be 
cleaved, and polymerization curing can be carried out well. 

The irradiation time depends on the wavelength and intensity 
of the light source, and the shape and structural ingredients of 
the product of curing. Consequently, it is preferred that the 
irradiation time be determined by means of preliminary experiments, 
etc. 

When the photopolymerization is carried out, at least the side 
of the mold under irradiation of light has to be transparent. 
Usually, this portion is made of glass, etc. In particular, it is 
preferred that fused silica glass or other material transparent to 
UV light be used. There is no special limitation on the type of the 
material, as long as it is transparent. Also, in the molding 
operation, it is possible to carry out polymerization while 
pressure is applied from the exterior. 

For the manufacturing method of this invention, it is possible 
to adopt the conventional injection polymerization method. In a 
typical method, the photopolymerizable composition is injected into 
dies held together by an elastomer gasket or a spacer; then, the 
aforementioned active energy radiation is irradiated for curing. 
The molding is then taken out. 
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The photochrome product of curing formed using the method of 
this invention may be subject to the following processing or 
secondary treatment corresponding to the specific application. For 
example, it may be dyed using a disperse dye, etc., and it may be 
subject to antiref lection processing, static-inhibiting processing, 
etc , by coating a hard coating agent mainly comprising a 
silane-coupling agent, as well as silicon, zirconium, antimony, 
aluminum, tin, tungsten, or another sol component, or by depositing 
a film of Si0 2 , Ti0 2 , Zr0 2 , or another metal oxide, or by coating an 
organic polymer film. 

By adopting the manufacturing method using the 
photopolymerization method of this invention, it is possible to 
obtain, in a short time, a photochrome product of curing free of 
deterioration of the photochrome compound, having high coloration 
density, and sufficient hardness. Under sunlight or light emitted 
from a mercury lamp, the obtained product of curing is transformed 
from a colorless state to a colored state, and the change is 
reversible, with an excellent light-modulating effect. 
Consequently, the obtained product of curing can be used as organic 
glass having photochrome property, in such applications as 
photochromic lenses, etc. 



Application examples 

in the following, this invention will be explained in more 
detail with reference to application examples. However, this 
invention is not limited to these application examples. In the 
application examples, "parts" refers to "parts by weight." 
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The radical polymerizable monomers used in the following 
application examples are listed below: 

Ml: 2,2-bis(4-methacryloyloxyethoxyphenyl) propane 

M2 : 2 , 2-bis ( 4-methacryloyloxydiethoxyphenyl ) propane 

M3 : 2 , 2-bis (4-methacryloyloxypentaethoxyphenyl) propane 

M4: bisphenol A-monoglycidyl ether methacrylate 

M5: triethylene glycol dimethacrylate 

M6: tetraethylene glycol dimethacrylate 

M7: hexamethylene dimethacrylate 

M8: glycidyl methacrylate 

M9: 2-hydroxyethyl methacrylate 

M10: methyl methacrylate 

Mil: isobornyl acrylate 

M12: pentaerythritol triacrylate hexamethylene 
diisodiisocyanate urethane prepolymer 

The photochromic compounds in the application examples are 
listed below: 

Chromene compounds: 

CI : 2, 2-diphenyl-7-octoxy (2H) benzo (f ) chromene 

C2 : spiro (bicyclo (3, 3, 1) nonane-9, 2 ' - (2H) benzo (h) chromene) 

Fulgide compounds: 

Fl : N-methyl-6, 7-dihydro-4-methylspiro (5, 6-benzo (b) 
thiophenedicarboxyimido-7, 2-tricyclo (3, 3, 1, 1) decane 

F2 : N-cyanomethyl-6, 7-dihydro-4-methyl-2-phenylspiro 
(5, 6-benzo (b) thiophene dicarboxyimido-7, 2-tricyclo (3, 3, 1, 1) decane 
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Spirooxazine compounds : 
SI: 

1, 3, 3-trimethylspiro (indole-2, 3- (3, 2-a) (1, 4) naphthooxazine) 

S2 : 1,3, 3-trimethyl-6' -piper idinospiro (indole-2, 3- (3, 2-a) 

(1, 4) naphthooxazine) 

The photopolymerization initiators used in the application 
examples are listed below. The number in () refers to the molar 
light absorptivity (L/ (mol-cm) ] at 400 nm. 

II: CGI-1700 (commercial name: product of Ciba Geigy Japan 

Co., Ltd.) 

A 1:3 mixture of 

bis (2, 6-dimethoxybenzoyl) -2,4, 4-trimethylbenzylphosphine oxide 
(550) and 2-hydroxy-2-methyl-l-phenylpropane-l-one (10 or lower) 
12: 2,4, 6-trimethylbenzoyldiphenylphosphine oxide (250) 
13 : 2-benzyl-2-dimethylamino-l- (4-morpholinophenyl) -1-butanone 

(200) 

14: me thylbenzoyl formate (10 or lower) 
Application Example 1 

90 parts 2, 2-bis (4-methacryloyloxydiethoxyphenyl propane), 
10 parts glycidyl methacrylate, as well as a photochromic compound 
and photopolymerization initiator with amounts listed in Table I 
were well blended. The blend liquid was injected into dies 
consisting of a glass panels and a gasket made of ethylene-vinyl 
acetate copolymer. A UV-reduction filter, which can cut off the 
following proportions of the active energy radiation: 
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380nm:99*k 3 9 0nm:981 4 
OOnm : 5 0%. 41 Onm : 15% 

is placed between a metal halide lamp and the dies to ensure that 
the active energy radiation for irradiation has a wavelength 
substantially longer than 400 nm. The metal halide lamp has an 
output power of 120 W/cm, and the irradiation time is 15 min. After 
completion of the polymerization, the product of polymerization was 
taken out from the glass dies. 

Curability 

For assessing the curability of the obtained product of curing 
(with thickness 2 mm) , photopolymerization was carried out under 
the same conditions but without adding the photochromic compound. 
The hardness results were compared with each other to assess the 
curability. The grades are defined as follows. 

(0) Curing is identical to that of the product of 
polymerization without adding the photochromic compound (100-90%) 

(A) Hardness is in the range of 90-50% of that of the product 
of polymerization without adding the photochromic compound 

(X) Hardness is 50% or lower than that of the product of 
polymerization without adding the photochromic compound 



Coloring performance 

In order to assess the coloring performance of the product of 
polymerization obtained, the following test was carried out: The 
product of polymerization was colored by irradiation for 30 sec by 
light emitted from a Hamamatsu Photonics Xenon Lamp L-2480 (300 W) 



SHL-100 through an Aero Mass Filter (product of Corning Inc.) at 
20°C ± 1°C, with radiation intensity on the surface of the product 
of polymerization of 2.4 mW/cm 2 at 365 nm and 24 uW/cm 2 at 245 nm. 
The light absorptivity at the maximum absorptive wavelength based 
on the coloration of the photochromic compound was assessed by a 
percentage (%) with respect to the light absorptivity of the 
product of polymerization prepared by injecting a mixture prepared 
by blending well 1.0 part of a thermal polymerization initiator 
(t-butyl peroxyneodecanate) in place of the photopolymerization 
initiator into the same dies, followed by slowly heating up from 
30°C to 90°C in 18 h and then maintaining at 90°C for 2 h in an air 
oven. The grades are defined as follows. 

(O) When the light absorptivity percentage is 80% or higher 
(A) When the light absorptivity percentage is in the range of 
80-50% 

(X) When the light absorptivity percentage is 50% or lower 
In addition, the tone after coloration of the product of 
polymerization by setting under sunlight for 10 min was assessed by 
visual observation. The results are listed in Table I. 
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1 


Chromene compound No. 


2 


Fulgide or fulgimide compound No. 


3 


Spirooxazine compound No. 


4 


Initiator 


5 


Filter 


6 


Curing property 


7 


Coloring performance 


8 


Tone of coloration 


9 


Application Example 


10 


Comparative Example 


11 


Yes 


12 


No 


13 


Yellow 


14 


Red 


15 


Gray 


16 


Brown 



Application Example 2 

The operation was carried out in the same way as in 
Application Example 1, except that the types of the photochromic 
compound and the radical polymerizable monomer were changed from 
those used in Application Example 1. The results are listed in 
Table II. 
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Key: 1 Radical polymerizable monomer No. 

2 Chromene compound No. 

3 Fulgide or fulgimide compound No. 

4 Spirooxazine compound No. 

5 Initiator 

6 Curing property 

7 Coloring performance 

8 Tone of coloration 

9 Application Example 

10 Gray 

11 Brown 

12 Gray 



Comparative Example 1 

The operation was carried out 
Application Example 1, except that 
the photopolymerization initiator. 



in the same way as in 

me thylbenzoyl formate was used as 

The results are listed in Table 



Comparative Example 2 

The operation was carried out in the same way as in 
Application Example 1, except that me thylbenzoyl formate was usi 
the photopolymerization initiator, and the UV-reduction filter 
not used. The results are listed in Table I. 



Comparative Example 3 

The operation was carried out in the same way as in 
Application Example 1, except that the UV-reduction filter was 
used. The results are listed in Table I. 
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Claims 

1. A process for the production of a photochromic product of 
curing, characterized by the fact that curing is realized by 
irradiating an active energy radiation having a light-emission 
spectrum on a photopolymerizable composition containing (A) radical 
polymerizable monomer, (B) UV- light polymerization initiator having 
the main absorption in the UV region and having a molar light 
absorptivity at 400 nm of 150 L/(mol*cm) or higher, and (C) 

photochromic compound. 

2. The process described in Claim 1, characterized by the fact 
that radical polymerizable monomer (A) refers to at least one type 
of compound selected from the following compounds: 

diacrylate compounds and dimethacrylate compounds represented 
by the following formula (1) 

R 1 F 1 
CH 2 =CCO-fA-^OCC=CH 2 00 

0 0 

where, each R 1 , which may be identical or equal to each other, 
represents a hydrogen atom or methyl group; each A, which may be 
identical or different from each other and may be substituted, 
represents an alkylene group, oxyalkylene group, or the group 
represented by the following formula 



R 2 \- CH3 /=A R2 \ 
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(where, R 2 represents a hydrogen atom or methyl group; X represents 
a halogen atom; k is an integer in the range of 0-5; and a is an 
integer in the range of 0-4 representing the substitution number of 
the halogen atom) and n is an integer in the range of 1-20; 
epoxy-group-containing acrylate compounds and methacrylate 
compounds represented by the following formula (2) 

R 3 R 6 
CH 2 = CCO -f R 4 0 ^ R 5 0 ^ CH 2 C — CH 2 ( 2 ) 
0 0 

where, R 3 and R 6 , which may be identical or different from each 
other, represent a hydrogen atom or methyl group; R 4 and R*, which 
may be identical or different from each other and may be 
substituted, represent an alkylene group or group represented by 
the following formula: 




and m and n are 0 or 1; 

vinylbenzyl compounds represented by the following formula (3) 

R7 ft 8 R9R 10 

( / CB=CH 2 CH 2 =CH±/ 
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where, R 7 , R 8 , R 9 , and R 10 , which may be identical or different from 
each other, represent halogen atoms; X 1 , X 2 , and X 3 represent oxygen 
atoms or sulfur atoms independently; j, k and m are 0 or 1; when 
k = 0, j = 0; when m = 0, k = j = 0; when j = k = m = 1, X 1 , X 2 , and 
X 3 cannot be sulfur atoms at the same time) . 

3. The process described in Claim 1, characterized by the fact 
that UV-polymerization initiator (B) refers to at least one type of 
compound selected from the following compounds: 

compounds represented by the following formula (4) : 




-/ \ /=\9?H 2 ,R" 



(4) 



CH 2 
CH3 



where, each R n , which may be identical or different from each 
other, represents a methyl group or ethyl group; 

compounds represented by the following formula (5) : 

(R 12 ) 



\=J R1 
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where, each R 12 , which may be identical or different from each 
other, represents a methyl group, methoxy group, or chlorine atom; 
e represents 2 or 3; and R 13 represents a phenyl group or methoxy 
group; 

and compounds represented by the following formula (6): 



(R 14 )t (pf 



(6) 



where, each R 14 , which may be identical or different from each 
other, represents a methyl group, methoxy group, or chlorine atom; 
f is 2 or 3; and R 15 represents a 2, 4, 4-trimethylpentyl group. 

4. The process described in Claim 1, characterized by the fact 
that the amount of UV-polymerization initiator (B) used with 
respect to 100 parts by weight of radical polymerizable monomer (A) 
is in the range of 0.01-1. part by weight. 

5. The process described in Claim 1, characterized by the fact 
that photochromic compound (C) is selected from the group of 
chromene compounds, fulgide compounds, fulgimide compounds, and 
spirooxazine compounds. 

6. The process described in Claim 1, characterized by the fact 
that the amount of photochromic compound (C) used with respect to 
100 parts by weight of radical polymerizable monomer (A) is in the 
range of 0.001-1.0 part by weight. 
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7. The process described in Claim 1, characterized by the fact 
that the active energy radiation is irradiated through a filter 
that cuts off the UV light with a wavelength shorter than 400 m. 
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